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Background and aims: While upregulation of divalent metal transporter 1 (DMT1) and iron regulated
gene 1 (IREG1) within duodenal enterocytes is reported in patients with hereditary haemochromatosis
(HH), these findings are controversial. Furthermore, the effect of HFE, the gene mutated in HH, on
expression of these molecules is unclear. This study examines duodenal expression of these three molecules
in HH patients (prior to and following phlebotomy), in patients with iron deficiency (ID), and in controls.
Methods: DMT1, IREG1, and HFE mRNA were measured in duodenal tissue of C282Y homozygous HH
patients, in ID patients negative for the C282Y mutation with a serum ferritin concentration less than
20 mg/l, and in controls negative for C282Y and H63D mutations with normal iron indices, using real time
polymerase chain reaction.
Results: DMT1 and IREG1 mRNA levels were not significantly different in non-phlebotomised (untreated)
HH patients compared with controls. DMT1 expression was significantly increased in HH patients who had
undergone phlebotomy therapy (treated) and in patients with ID compared with controls. IREG1 was
significantly increased in ID patients relative to controls, and while IREG1 expression was 1.8-fold greater
in treated HH patients, this was not statistically significant. HFE mRNA expression was not significantly
different in any of the groups investigated relative to controls.
Conclusions: These findings demonstrate that untreated HH patients do not have increased duodenal
DMT1 and IREG mRNA, but rather phlebotomy increases expression of these molecules, reflecting the
effect of phlebotomy induced erythropoiesis. Finally, HFE appears to play a minor role in the regulation of
iron absorption by the duodenal enterocyte.

I
ron absorption is regulated by several factors, including the
level of body iron stores (via the stores regulator), the rate
of erythropoiesis (via the erythroid regulator), and

hypoxia.1–4 Although, the capacity of the stores regulator to
alter iron absorption is low relative to the erythroid regulator,
its function is critical for normal iron homeostasis, as
demonstrated from findings in hereditary haemochromatosis
(HH). HH patients, the majority of whom (.90%) are
homozygous for a single missense mutation (C282Y) in the
HFE gene, absorb excessive amounts of iron from the diet
relative to body iron stores, indicating that the set point for
the stores regulator may be changed.5 6

The stores and erythroid regulators reflect body iron
requirements and determine the rate at which iron is
absorbed by the duodenum through regulation of expression
of several key proteins in the mature enterocytes of the
duodenum, including divalent metal transporter 1 (DMT1), a
transmembrane protein that actively transports reduced
dietary iron into intestinal enterocytes, and iron regulated
gene 1 (IREG1), a second transmembrane protein that is the
putative exporter of iron through the basolateral membrane
to plasma.7–12

The manner in which the stores and erythroid regulators
affect expression of these iron transport molecules is not clear
but a link between body iron requirements and iron transport
expression in the duodenum has been made with the
identification of hepcidin, thought to be the predominant
negative regulator of iron absorption.13–15

Relatively few studies have examined iron transporter
expression in human HH subjects, and results are conflicting.
The source of this conflict appears to arise primarily from
inclusion of HH patients who have undergone phlebotomy
therapy that per se causes significant increases in iron
absorption.16–18 More recently, studies in untreated HH

patients also demonstrated conflicting results.19 20 Further-
more, similar inconsistencies have also been observed in
studies investigating mouse models of HH.21–25

Little is known of the role of wild-type HFE in iron
absorption and in maintenance of normal iron homeostasis
which has hindered progress in elucidating how mutations in
the HFE gene lead to inappropriate iron absorption in human
subjects with HH.26 Consequently, the effect of HFE on
expression of iron transport molecules is unclear, although
animal studies indicate that its role may be limited as HFE
deficient mice retain the ability to regulate iron absorp-
tion.27 28

Here, we present our findings of expression of DMT1,
IREG1, and HFE mRNA levels from a large cohort of
untreated and treated HH patients, iron deficiency (ID)
subjects, and normal controls.

MATERIALS AND METHODS
Patients
Duodenal biopsies were obtained from 52 individuals during
upper gastrointestinal endoscopy. Biopsies were snap frozen
in liquid nitrogen or stored in Qiagen RNAlater medium
(Qiagen Ltd, UK). Simultaneously, all individuals had blood
drawn for determination of fasting serum iron, serum ferritin
(SF), transferrin saturation (TS), haemoglobin (Hb), and
HFE genotyping.18

All HH patients (n=33) were diagnosed on the basis of
homozygosity for the C282Y HFE mutation and persistently
raised iron indices, defined as SF >200 mg/l for females and

Abbreviations: DMT1, divalent metal transporter 1; IREG1, iron
regulated gene 1; SF, serum ferritin; TS, transferrin saturation; Hb,
haemoglobin; HH, hereditary haemochromatosis; ID, iron deficiency;
PCR, polymerase chain reaction
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SF >300 mg/l for males. All HH patients underwent endo-
scopy as part of varices screening or volunteered as part of the
study protocol following full informed consent. The untreated
HH group (n=21) had biopsies taken prior to initiation of
phlebotomy therapy. The treated HH group (n=12) had
biopsies taken following phlebotomy and these subjects did
not include any of the untreated HH group who subsequently
underwent phlebotomy therapy.
ID patients were defined as those with an SF of ,20 mg/l.

Average Hb in the ID group was 10.6 g/dl. With regard to the
presence of anaemia in the ID group, six of eight females had
a Hb level of ,11.5 g/dl and the only male had a Hb level of
12 g/dl. All patients were undergoing endoscopy to evaluate
causes of iron deficiency. Control patients were enrolled at
the time of elective endoscopy for investigation of dyspeptic
symptoms and had normal endoscopic findings, Hb, and iron
indices (that is, TS 25–56% and SF 20–330 mg/l).

Preparation of RNA
Total RNA was extracted using the Qiagen RNeasy mini
system (Qiagen Ltd). Prior to preparation of cDNA, the
extracted RNA was treated with DNase 1, Amp grade
(GibcoBrl, Paisley, UK) which digests single and double
stranded DNA.

Preparation of cDNA
Reverse transcription of RNA was performed using standard
reagent conditions. One microgram of DNase treated RNA
with 4 ml of 56 first strand buffer, 2 ml 0.1 M DTT (reducing
agent), 1 ml 10 mM dNTPs, 1 ml random primers (GibcoBrl),
and 1 ml (200 units) of Superscript II reverse transcriptase
(GibcoBrl) were incubated at 25 C̊ for 10 minutes, 42 C̊ for
50 minutes, and finally 70 C̊ for 15 minutes.

Quantitative (real time) polymerase chain reaction
TaqMan real time polymerase chain reaction (PCR) primers
and probes for quantification of DMT1 and IREG1 were
purchased from Sigma-Genosys (Cambridgeshire, UK) and
were used as previously described.19 HFE real time primers
and probes were designed using primer express software and
did not differentiate between wild-type and mutated HFE.
HFE primers used were forward -CCT TGT TTG AAG CTT TGG
GC and reverse -CAC GGC GAC TCT CAT GAT CA, with the
following TaqMan probe 59-CGT GGA TGA CCA GCT GTT
CGT GTT CT.
Using the Applied Biosystems 7700 Sequence Detector, real

time quantification of DMT1, IREG1, and HFE was
performed in cDNA samples from each individual included
in the study. Amplification conditions were identical for
analysis of all three molecules. Initial denaturation at 50 C̊

for two minutes and then 95 C̊ for 10 minutes was followed
by 40 amplification cycles of 95 C̊ for 15 seconds and 60 C̊ for
one minute.
All samples were analysed in duplicate and intrasample

reproducibility was high. Mean results were normalised to
the internal control 18S ribosomal RNA to correct for
imbalances in total mRNA content or unequal reverse
transcription efficiency.

DMT1 immunohistochemistry
Duodenal samples from five patients in each group were
fixed in Carnoy’s fluid and embedded in paraffin. Sections
(5 mm) were deparaffinised in xylene and blocked for
endogenous peroxidase in 3% hydrogen peroxide, prior to
incubation with the purified anti-DMT1 antiserum (kindly
donated by Dr J Bastin), at a concentration of 0.03 mg/ml for
45 minutes at room temperature. Negative control slides
omitted the primary antiserum. Visualisation of the anti-
body-antigen complex was carried out using the commer-
cially available Vectastain ABC Elite kit (Vector Laboratories,
Burlingame, California, USA) and detected using 0.05% 3939-
diaminobenzidine tetrahydrochloride with 0.01% hydrogen
peroxide. Slides were counterstained using methyl green. The
intensity of DMT1 staining was assessed by a single
pathologist (CO’K) and scored as weak, moderate, or strong.
The study protocol was approved by the ethics committee

of the Mater Misericordiae University Hospital and all
participants gave written informed consent.

Statistical analysis
Statistical evaluation was carried out using SPSS for
Windows (version 11). All patient characteristics are
expressed as mean (SD). Duodenal levels of DMT1, IREG1,
and HFE are expressed as a ratio of 18S ribosomal RNA and
reported as mean (SD). Results for SF and quantitative
results of real time PCR for DMT1 and IREG1 showed skewed
distributions and were transformed logarithmically for
statistical evaluation. Comparison between patient groups
was performed using independent sample t tests. Correlations
were done using the Spearman rank method.

RESULTS
Clinical characteristics of patients
The clinical characteristics of all individuals are presented in
table 1. All ID patients were negative for the C282Y mutation
but four were heterozygous for the H63D mutation. H63D
heterozygotes do not accumulate iron and are phenotypically
normal.29 30 All control patients were negative for both C282Y
and H63D mutations.

Table 1 Patient characteristics

Variable
Total HH group
(n = 33)

HH untreated
(n = 21)

HH treated*
(n = 12)

ID
(n = 9)

Controls
(n = 10)

No of patients (M/F) 29/4 20/1 9/3 1/8 5/5
Age at diagnosis (y) 48 (12) 51 (11) 44 (13) 52 (10) 43 (17)
SF (mg/l) 1532 (1318)

n = 32
1804 (1523) 114 (90) 7.7 (5) 94 (85)

TS (%) 79 (14)
n = 29

77 (17)
n = 18

66 (23) 20 (13) 31 (10)

Hb (g/dl) 15 (1.1)
n = 32

15 (1.0) 14 (1.0) 10.6 (2) 14 (1.7)

Values are mean (SD).
HH, hereditary haemochromatosis; HH untreated, patients who had not yet undergone phlebotomy therapy; HH
treated, patients who were iron depleted; ID, iron deficiency.
*Mean transferrin saturation (TS) and serum ferritin (SF) for this group prior to treatment were 81% (9) and
1011 mg/l (542), respectively. Results for SF were subsequently transformed logarithmically for statistical
evaluation.
Normal laboratory values: SF 20–330 mg/l; TS 25–56%; and haemoglobin (Hb) 12.0–18.0 g/dl.
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Quantitative real time PCR
DMT-1
Mean DMT-1 mRNA levels were significantly upregulated in
the ID group relative to controls (4.00 v 0.30; p=0.018).
Mean DMT mRNA levels were 3.2-fold higher in the total HH
group compared with controls (0.98 v 0.30) but this
difference was not statistically significant (table 2). When
the total HH group was divided into treated and untreated
groups, significant differences were observed. DMT-1 levels
were significantly increased in the treated group compared
with the untreated group (1.90 v 0.44; p=0.002) (table 2).
Compared with controls, DMT-1 levels were significantly
increased in the treated (1.90 v 0.30; p=0.006) but not in the
untreated (0.44 v 0.30; p=0.7) HH group. DMT1 mRNA
levels were not significantly different between treated HH
(1.90) and ID patients (4.00) (fig 1).
DMT-1 levels did not correlate with SF, TS, or Hb in the ID

group, in any of the HH groups, or in the control group. This
study did not differentiate between IRE and non-IRE forms
of DMT1 but it has been shown that levels of the non-IRE
form in duodenal tissue are extremely low and do not
significantly contribute to the total DMT1 level.20

IREG1
Mean IREG1 mRNA levels were significantly increased in the
ID group relative to controls (2.20 v 0.79; p=0.016). IREG1
mRNA levels were similar in the total HH group and the
control group (0.96 v 0.79; p=0.8) (table 2). When the HH
group was further divided into the HH treated and untreated
groups, mRNA levels were 1.8-fold greater in the treated
group compared with the untreated group but this was not
statistically significant (1.40 v 0.70; p=0.1) (table 2). Finally,
compared with controls, IREG1 mRNA levels were increased
(1.7-fold) in the treated group (1.40 v 0.79; p=0.5) but not in
the untreated group (0.70 v 0.79; p=0.3) (fig 2).
IREG1 mRNA levels did not correlate with SF, TS, or Hb in

the ID group or the HH groups. IREG1 mRNA levels did
however correlate with TS (p=0.028) and Hb (p=0.003) but
not with SF (p=0.09) in the control group.

HFE
HFE mRNA levels were increased, although not significantly,
in the ID group relative to the control group (3.40 v 1.80;
p=0.1). In the total HH group, HFE mRNA levels were
similar to those in the control group (1.7 v 1.80; p=0.9)
(table 2). When the HH group was divided into HH treated
and untreated groups, there was a 1.4-fold difference in
mRNA levels between the treated and untreated groups but

Table 2 Real time polymerase chain reaction results for DMT-1, IREG1, and HFE in total
HH, treated HH, untreated HH, ID, and control groups

Variable
Total HH group
(n = 33)

HH untreated
(n = 21)

HH treated
(n = 12)

ID
(n = 9)

Controls
(n = 10)

DMT1* 0.98 (1.7) 0.44 (0.9) 1.9 (2.3) 4.0 (5.4) 0.3 (0.3)
IREG1* 0.96 (0.9) 0.7 (0.5) 1.4 (1.3) 2.2 (1.7) 0.79 (0.4)
HFE 1.7 (1.1) n = 32 1.5 (1.0) n = 20 2.1 (1.3) 3.4 (2.8) 1.8 (1.1)

Values are mean (SD).
DMT1, divalent metal transporter 1; IREG1, iron regulated gene 1; HH, hereditary haemochromatosis; HH
untreated, patients who had not yet undergone phlebotomy therapy; HH treated, patients who were iron depleted;
ID, iron deficiency.
*Results for DMT-1 and IREG1 were subsequently transformed logarithmically for statistical evaluation.
Comparison of mean mRNA levels between cohorts revealed the following significant differences. For DMT1
mRNA: ID versus controls, p = 0.018; HH untreated versus HH treated, p = 0.002; HH treated versus controls,
p = 0.006. For IREG1 mRNA: ID versus controls, p = 0.016. No significant differences in HFE mRNA levels were
observed between any of the cohorts.
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Figure 1 Divalent metal transporter 1 (DMT1) mRNA levels in duodenal
biopsy specimens in untreated and treated hereditary haemochromatosis
(HH), iron deficiency (ID), and control groups. Values are DMT1/18S
ribosomal RNA ratio in logarithmic scale, median (horizontal line), 75%
confidence interval (box), and minimal and maximal values (vertical line)
in the respective patient groups. Extreme values are represented by O.
Comparison of mean DMT1 mRNA levels between cohorts revealed the
following significant differences: ID versus controls, p = 0.018; HH
untreated versus HH treated, p = 0.002; HH treated versus controls,
p = 0.006.
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Figure 2 Iron regulated gene 1 (IREG1) mRNA levels in duodenal
biopsy specimens in untreated and treated hereditary haemochromatosis
(HH), iron deficiency (ID), and control groups. Values are IREG/18S
ribosomal RNA ratio in logarithmic scale, median (horizontal line), 75%
confidence interval (box), and minimal and maximal values (vertical line)
in the respective patient groups. Extreme values are represented by O.
Comparison of mean IREG1 mRNA levels between cohorts revealed a
significant difference between ID and controls (p = 0.016). No other
significant differences were observed.
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this was not significant (2.10 v 1.50; p=0.1) (table 2).
Finally, there were no significant differences in HFE mRNA
levels between the treated or untreated groups and the
control group (fig 3). HFE levels did not correlate with SF, TS,
or Hb in the ID group, the HH groups (with one exception,
HFE correlated with Hb in the treated group; p,0.001), or
the control group.

Immunohistochemistry
Duodenal DMT1 protein expression paralleled levels of
mRNA in all cohorts. DMT1 staining was most intense at
the luminal surface of the duodenum. Average staining in HH
treated, HH untreated, ID, and controls were moderate/

severe, mild, moderate/severe, and mild, respectively. No
staining was seen in sections processed without antibody
(fig 4).

DISCUSSION
In this study of Irish individuals, duodenal mRNA expression
of DMT1, IREG1, and HFE was examined in a large cohort of
untreated HH patients, phlebotomised (treated) HH patients,
ID patients, and controls. In the untreated HH group,
duodenal DMT1 and IREG1 mRNA expression were not
significantly different from that seen in controls. In contrast,
patients with phlebotomy treated HH had significantly
increased DMT1 (sixfold) and increased IREG1 mRNA
expression (1.8-fold) compared with the control cohort. ID
patients had significantly increased levels of both DMT1 and
IREG1 mRNA (13-fold and 2.8-fold, respectively) relative to
controls. Duodenal DMT1 protein expression, as assessed by
immunohistochemistry, paralleled levels of mRNA in all
cohorts. Immunohistochemical analysis for IREG1 was not
carried out but its protein expression has been shown to
closely reflect mRNA expression.19 HFE mRNA levels did not
differ significantly from controls across any of the groups
studied.
Results from studies examining duodenal DMT1 and

IREG1 expression in untreated HH patients are inconsis-
tent.19 20 Zoller et al reported an 8–10-fold increase in DMT1
and a 2–5-fold increase in IREG1 expression compared with
normal controls. In contrast, Stuart et al have shown that
DMT1 and IREG1 mRNA levels were similar to those
observed in control subjects although untreated HH patients
tended to have inappropriate expression of these transporters
relative to their SF concentration. The reason for these
inconsistencies in studies of untreated patients is not entirely
clear but comparison of the patient cohort from the current
study with those of Zoller et al and Stuart et al indicates that
the untreated cohort investigated in our study (mean SF
1804 mg/l) and the untreated cohort examined by Stuart et al
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Figure 3 HFE mRNA levels in duodenal biopsy specimens in untreated
and treated hereditary haemochromatosis (HH), iron deficiency (ID), and
control groups. Values are HFE/18S ribosomal RNA ratio, median
(horizontal line), 75% confidence interval (box), and minimal and
maximal values (vertical line) in the respective patient groups. No
significant differences in HFE mRNA levels were observed between any
of the cohorts.

Figure 4 Immunohistochemical staining for divalent metal transporter 1 (DMT1) in duodenal biopsy specimens from control patients (A), patients with
iron deficiency (ID), (B), untreated hereditary haemochromatosis (HH) (C), and treated HH patients (D). Immunostaining was most intense in the apical
membrane in ID and treated HH patients compared with untreated and control duodenal tissue.
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(mean SF 900 mg/l) carried a heavier body iron load
compared with the Zoller et al untreated HH cohort (mean
SF 642 mg/l).
The duodenal enterocyte in HH patients behaves inappro-

priately relative to the degree of body iron overload. However,
the level of expression of iron transporters within the
enterocyte varies dependent on the influence of the putative
stores and erythropoietic regulators. We suggest that HH
patients initially load iron at rates equivalent to those
observed in iron deficiency and when the body iron burden
increases sufficiently, the putative stores regulator is stimu-
lated (albeit at a set point inappropriate for the degree of
body iron stores) to downregulate iron loading. Evidence
supporting this proposal comes from a recent study describ-
ing age related iron loading effects in HFE knockout mice
models. The study demonstrated that DMT1 and IREG1
expression were increased in young mice that were actively
loading iron while older mice in whom hepatic iron loading
persisted but did not progress had levels comparable with
wild-type mice.31

It has long been thought that in patients with HH, the
duodenal enterocyte behaves as though the body were more
iron deficient than it is.26 Evidence in support of this
hypothesis has come from studies demonstrating increased
transferrin receptor mRNA expression and low ferritin mRNA
expression in duodenal enterocytes of patients with
untreated HH.32 33 Although our data demonstrate that the
enterocyte in untreated HH patients does not appear to
behave as being iron deficient as the iron transport
expression profile in this cohort was comparable with
controls rather than with ID, our findings do in fact indicate
that the enterocyte is behaving as though the body were more
iron deficient than it is. Untreated HH patients have levels of
iron transporter expression that are similar to controls
despite significantly higher body iron stores, and therefore
since they cannot downregulate iron absorption to the same
extent as healthy controls it may be assumed that this
response is impaired.34–36 Treated HH patients have even
higher levels of iron transporter expression equivalent to that
seen in iron deficiency, despite normal iron stores. We
propose that this enhanced iron transporter expression is
secondary to the effect of the putative erythropoietic
regulator. It is interesting to note that in both instances,
the body is responding in the same way (that is, with
inappropriately high iron transporter expression relative to
body iron burden).
Recently, microarray analysis of duodenal iron transporter

expression in HFE deficient mice also revealed an expression
pattern largely consistent with iron overload and not iron
deficiency.25 Similar levels of DMT1 expression were found in
wild-type mice, wild-type mice with secondary iron overload,
and HFE deficient mice, although levels of Slc391a, the
mouse orthologue of IREG1, were lower in HFE deficient
mice. The authors speculate that this relative deficiency in
IREG1 may have a role in hepatic iron accumulation. We also
found decreased IREG1 expression in untreated HH patients
compared with controls (although not significantly different)
and observed a significant correlation between hepatic iron
concentration in a small cohort of untreated HH patients
(n=5) with duodenal expression of IREG1 and DMT1
(unpublished observation), which may support a role for a
deficiency in duodenal IREG1 expression in hepatic iron
accumulation.
While ID was found to result in a 13-fold increase in DMT1

expression versus normal controls, phlebotomy therapy also
significantly affected DMT1 expression, with a sixfold
increase being found in phlebotomised HH patients com-
pared with controls. This indicates that phlebotomy treat-
ment not only induced increased iron absorption in HH

patients, as evidenced by the increase in DMT1, but that
these patients despite being homozygous for the C282Y HFE
mutation retain the ability to respond to erythropoiesis
induced through phlebotomy therapy.
Our findings have potential clinical implications. Current

guidelines to maintain a serum ferritin level of less than
50 mg/l may represent a relative iron deficient state that
ultimately results in increased rates of iron loading.37

Tolerating a maintenance SF at the upper physiological range
may result in less demand for iron depletion in the long term.
Furthermore, in those who have very mild expression of the
disease with no evidence of end organ damage, initiation of
iron depletion may ultimately precipitate more aggressive
rates of iron accumulation. Clinical studies will be necessary
to determine the potential benefit and safety of altering the
current clinical guidelines.
Results obtained from studies examining the relationship

between DMT1 and serum ferritin are also inconsistent.16–20

In the present study, a significant inverse relationship
between serum ferritin and iron transporter expression was
not found for any of the cohorts examined. In contrast, some
studies have demonstrated a significant inverse relationship
between SF and DMT1 expression in patients with HH, ID,
and controls while others report an association in ID and
controls only.16–20 These inconsistencies may arise from the
fact that although SF is the best laboratory indicator of body
iron load, its correlation with body iron load, as calculated by
the amount of iron removed by phlebotomy (probably the
most accurate method for measuring the iron burden in
patients with iron storage disease), is not strong.38 It is also
possible that the relationship between SF and DMT1
expression may not be linear across all values of SF and it
is likely that other influences contribute to the relationship.
There is now growing support for the major site of HFE

action being located in the liver, rather than the duodenum,
and it has been proposed that HFE plays an important role in
the regulation of hepatic hepcidin expression in response to
changes in body iron stores.29 Evidence in support of the liver
as the major site of HFE action has also recently been
demonstrated in mouse models of HH where constitutive
expression of hepcidin prevented iron overload in these
animals39 However, the mechanism whereby HFE senses
body iron levels and brings about an appropriate hepcidin
response has not yet being elucidated.40

Although the findings of this study do not provide
conclusive evidence demonstrating that the major site of
HFE action may not lie in the duodenum, HFE mRNA
expression did not vary significantly across any of our cohorts
and the lack of functional HFE did not prevent C282Y
homozygous HH patients from responding to a relative state
of ID induced by phlebotomy treatment through upregulation
of DMT1. This latter observation is supported by iron
absorption studies in HFE mutant mice where reduced iron
stores or stimulated erythropoiesis induced by phlebotomy
resulted in preservation of the ability to increase iron
absorption to the same degree as wild-type animals.28

In conclusion, this study has demonstrated that duodenal
DMT1 and IREG1 mRNA expression are not increased in
patients with untreated HH relative to controls, which
contrasts with findings in ID patients and treated HH
patients who had increased levels of these molecules.
Although levels in untreated HH patients were comparable
with control patients, these levels were in fact inappropriately
high relative to the body iron burden. Furthermore,
phlebotomy treatment significantly increased expression of
these transporters, indicating that phlebotomy induced
erythropoiesis clearly affects iron absorption. Finally, DMT1
and IREG1 mRNA expression were significantly increased in
patients with ID, indicating that these molecules are indeed
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important mediators in the response to decreased body iron
stores.
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